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$\partial u/\partial t=\Delta u+f(u)$ $t>0$ , $x\in D$ ,
$u(0, x)=u_{0}(\chi)$ $u_{0}\in C(\overline{D}, R)$ ,
$\sim\partial u/\partial\nu=0$ $t>0$ , $x\in\partial D$ .
$\nu$ $\partial D$ , $f\in C(R, R)$
.
(A1) $\exists a>0$ , $\exists b>0$ , $\forall u\in R$ , $|f(u)|\leqq a+b|u|$ .
1 , $f(u)$ $f(t, x, u)$ ,
, $f$ $u$ .
$D$ , .
(A2)
$\exists 7>0$ , $\forall(x, y)\in\overline{D}\cross\overline{D}$, $\exists\{p_{0}, p_{1}, p_{2}, \cdots. P_{k}\}\subset\overline{D}$ ,
$x=P\mathrm{o}$ , $\text{ }=p_{k}$ , $p_{i-1}P_{i}\subset\overline{D}$ , $\sum_{i=1}^{k}|p_{i}-p_{i-1}|\leqq\gamma|x-y|$ .
, $x$ $y$ $P$ $\overline{D}$ , $P$ 7 $|x-y|$
.
(A2) , $D$
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.$T>0$ . $u\in C([0, T]\cross\overline{D}, R)$
$u(t, x)=[_{D}U(t. x, y)u_{0}(y)dv+[^{\mathrm{p}}0ds]_{D}U(t-s, x, v)f(u(s, y))dy$
, $u$ (E) mild solution . , $u$ $\partial u/\partial t=\Delta u$ ,
$\partial u/\partial\nu=0$ .
$T>0$ , $[0, T]\cross\overline{D}$ mild solutions .
1 , ( [1] ) .
1 $C$ , $t\in(0, T]$ , $x,$ $\text{ }\in\overline{D}$
, .
(1) $0\leqq U(t, x, y)\leqq Ct^{-n}$ 2 $\exp(-|x-y|^{2}/Ct)$ ,
(2) $[_{D}U(t, x, y)dy=1$ ,
(3) $| \frac{\partial}{\partial x_{j}}U(t, x, y)|\leqq Ct^{-()}n+1$ 2 $\exp(-|x-\text{ }|^{2}/C\tau)$ , $1\leqq j\leqq n$ .
2 $0<t\leqq T$ \check \supset $x,$ $z\in\overline{D}$ ,
$[_{D}|U(t, x, y)-U(t, z, y)|dy\leqq c1t^{-1}$ 2 $|x-z|$
. , $C_{1}=7^{\sqrt{n}\pi^{n\text{ }2}}C^{1+n}\text{ }2$ .
(A2) , $xz$ $\overline{D}$ ,
$]_{D}|U(t, x, y)-U(\grave{t}, z, y)|dy\leqq\sqrt{n}\pi Cn\text{ }21+n$
2 $t^{-1}$ 2 $|x-z|$
. ,
$|U(t, x, y)-U(t, z, y)|=| \mathrm{I}_{0}^{1}\frac{d}{d\rho}U(t, \rho x+(1-\rho)Z,$ $\text{ })d\rho|$
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$\leqq\sqrt{n}1_{0}^{1}Ct^{-(n1)}+$ 2 $|x-z| \exp\{-\frac{|\rho x+(1-\rho)z-y|}{Ct}\}d\rho$ (by (3)).
,
$1_{D}^{|U}(t, x, y)-U(t, z, y)|dy$
$\leqq\sqrt{n}C|\chi-z|]_{0}^{1}|_{R^{n}}t^{-(1)\text{ }}n+2\exp(-|\text{ }|^{2}/Ct)dyd\rho$
$=\sqrt{n}\pi^{n}\text{ _{}2}C^{1+n}$ 2 $t^{-1\text{ }2}|x-z|$ . $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
3 $0<t\leqq T$ $x,$ $z\in\overline{D}$ ,
$[_{D}U(t, x, z)|x-z|dz\leqq C_{2}\sqrt{t}$
. $C_{2}=C^{(n+3)\text{ _{}2]_{R^{n}}}}|\xi|\exp(-|\xi|^{2})d\xi$ .
(1) , $z=x+\sqrt{Ct}\xi$ . $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
$C(\overline{D}, R)$ $C([0, \tau]\cross\overline{D}, R)$ , $\sup$ normm $|\mathrm{i}\cdot$ }$ii$’ Banach .
$u_{0}\in C(\overline{D}, R)$ , $\mathrm{S}u_{0}$ .
$(S_{\mathcal{U}_{0}})(t, x):=\{$
$]_{D}U(t, x, y)u_{\mathit{0}}(_{\text{ }})dy$ , $(t. x)\in(0, T]\cross\overline{D}$ ,
$u_{0}(_{X)},$ $t=0$ , $x\in\overline{D}$ .
, $Su_{0}\in C([0, T]\mathrm{x}\overline{D}, R)$ . , $u\in C([0, T]\mathrm{x}\overline{D}, R)$
$f\in C(R, R)$ , $H[f, u]$
$H[f. u](t, x)$ $:=\mathrm{I}_{0}^{\iota_{dS}}\mathrm{I}DU(t-s, x, y)f(u(s, y))dy$ ,
$(t, x)\mathrm{E}_{\llcorner}^{\overline{|}}0,$ $T]\cross\overline{D}$
. $H[f, u]\in C([0, T]\mathrm{x}\overline{D}, R)$ .
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, $C_{\mathrm{s}}=M0C_{1} \max\{C_{2},1\}$ .
$U$ .
$U(t’, x, y)=[_{D}U(t’-t, \chi, z)U(t, z, y)dz$ .
(2) ,
$(\mathrm{S}u_{0})(t’, x)-(\mathrm{s}u0)(T, x)$
$=[_{D}[DU(t’-t, \chi, z)U(t, z, y)u_{0}(y)dzdv$
$-]_{D}U(t’-t, x, z)dz[DU(\mathrm{r}, x, v)u_{0}(y)dy$
$=[_{o}U(t’-t, x, z)dz$
. , 2, 3 ,
2 .
$|(Su_{0})(t’, x)-(\mathrm{S}u_{0})(t’, x’)|\leqq M_{0}C_{1}t^{-1}$
2 $|x-x’|$ .
2 (4) .
$\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .




$|H[f, u](t, x)-H[f, u](t’, x’)|$
(5)
, $M=a+bM_{1}$ , $C_{4}=2MC_{1} \max\{C_{2},1\}$ .
$\forall(s, y)\in[0, T]\mathrm{x}\overline{D}$ , $|f(u(s, \text{ }))|\leqq a+bM_{1}=M$
.
$|H[f, u](t’, x’)-H[f, u](t, x’)|$
$\leqq|]_{0}^{t}dS]_{D}\{U (t ’ -s, x’, y)-U(t-s, x’, y)\}f(u(s, y))dy|$
$+[_{t}^{t’}ds\mathrm{I}_{D}U(t , -s, x’, \text{ })|f(\mathcal{U}(_{S}, \text{ }))|dy$
, $U(t’-S, x’, \text{ })=[_{D}U(t’-’\tau, x’, Z)U(t-s, Z, y)dz$ (2) ,




$|H[f, u](t, x’)-H[f, u](t, x)|$
$\leqq M|U(t-s, x’, y)-U(t-s, x, y)|dy$
$\leqq 2Mc_{1}\sqrt{t}|x-x’|$ . $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
6 $u_{0}\in C(\overline{D}, R)$ , $||\}u|\}0|_{\mathrm{i}}!\leqq Mo$ . $u\in C([0, T]\mathrm{x}\overline{D}, R)$
(E) mild solution , $|u(t, x)|\leqq(M_{0}+a\tau)e^{bT}$ .
Gronwall .
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1 $?\mathit{4}_{\text{ }}\in C$ (D. $R$ ) . (E) $\llcorner$ $0$ . $T$ ] $\mathrm{x}\overline{D}$ $\mathrm{m}$ ld
solution .
Schauder . . 4, 5
. $t=T$ . $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
2 $f_{m}\in C(R, R)$ (i). (\"u) .
(i) $|f_{m}(_{\mathcal{U}})|\leqq_{\mathrm{L}l}+b|l\mathit{4}|$ . $u\in R$ ,
(ii) $f_{m}arrow f$ as $marrow\infty$ ( $R$ ).
$\mathcal{U}\text{ }$ , $u_{m}^{\text{ }}\in c(\overline{D}, R)$ – $arrow u_{\text{ }}$ (as $marrow\infty$ ) .
$u_{n},\in C(_{\sim}^{\mathrm{r}}|0. T_{\lrcorner}^{\urcorner}|\cross\overline{D}, R)$
$(\mathrm{E}_{\text{ }})$
$\dot{O}\mathcal{U}/\partial t=\triangle u+f_{m}(u)$ $t>0$ , $x\in D$ ,
$u(0, x)=u_{m}(\text{ }\chi)$
$x\in\overline{D}$ ,
. $\partial u/\partial\nu=0$ $t>0$ . $x\in\partial D$
mild solution , $\{u_{m}\}$ , (E) mild solution $u$
, $\llcorner|0$ , $T$ ] $\cross\overline{D}$ – .
$u_{\text{ }}$
$u_{m}=\mathrm{s}_{u^{\text{ }}}m+H[f_{\text{ }}, u_{m}]$ .
$|(\mathrm{S}u_{m}^{0})(t, x)-(\mathrm{s}u_{\text{ }})(t, x)|\leqq]_{D}U(t, x, y)|_{\mathcal{U}^{\text{ }}}m(y)-u_{0}(y)|dU$
$Su_{\text{ }^{}0}-\mathrm{s}_{\mathcal{U}_{\text{ }}}\mathrm{X}\leqq‘ u_{m}^{0}-u_{0}|arrow 0$ , , $Su_{m}^{0_{arrow}}\mathrm{s}_{\mathcal{U}}0(_{\mathit{7}narrow}\infty)$ .
, $M_{\text{ }}$ ,
$:-$
. $u^{0},n\leqq M_{\text{ }}$ , 6 ,
$|u_{n},(t. x)|\leqq M_{1}$ $M_{1}$ . , $|f_{m}(u_{m}(t, x))|\leqq a$
$+bM_{1}$ , 5 , $\{H[f_{m}, u_{m}]\}$ . Ascoli-Arzela
, $\{u_{m}\}$ , $C([0, T]\cross\overline{D}, R)$ $u$ –
. $u$ (E) mild solution . $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
7 $f(u)$ Lipschitz .
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$\forall\beta>0$ , $\exists L(\beta)>0$ , $|f(u)-f(v)|\leqq L(\beta)|u-v|$ , $u,$ $v\in[-\beta, \beta]$ .
, (E) mild solution – .
Gronwall .
8 $(\mathrm{A}_{1})$ $f\in C(R, R)$ , $C(R, R)$ $\{f_{m}\}$
, 2 (i), (\"u) $\mathrm{O}\mathrm{O}$ .
OD $f_{\text{ }}$ 7 Lipschitz .
Mollifier .
2. Kneser .
3 $f\in C(R, R)$ $(\mathrm{A}_{1})$ . ,
$u_{0}\in C(\overline{D}, R)$ ,
$\partial=\{u\in C([0, T]\cross\overline{D}, R)$ ; $u$ (E) mild $\mathrm{s}\mathrm{o}\mathrm{l}\mathrm{u}\mathrm{t}\mathrm{i}_{\mathrm{o}\mathrm{n}\mathrm{I}}$
, $C([0, T]\cross\overline{D}, R)$ .
Hartman [2, pp. 15-17] .
$u\in\partial\Leftrightarrow u=Su_{0}+H[f, u]$
5, 2 , $\partial$ .
$\partial$ . $\partial$ , $C([0, T]\mathrm{x}\overline{D}, R)$
$O$ 2 $\delta_{1},$ $\theta_{2}$ .
$\partial=_{\mathrm{t}}\gamma 1\cup\partial_{2}$ , $\theta_{1}\subset O$ , $(\mathcal{F}_{2}\cap\overline{O}=\emptyset$ .
$u_{1}\mathrm{E}ffi_{1}$ , $u_{2}\in\delta_{2}$ . $m$ , $g_{1}$ . $g_{2}$ .
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$g_{i}(t, x, u):=f(ui(t, x))-f_{m}(\mathcal{U}i(t, x))+f_{\text{ }}(u)$ , $i=1,2$ .
, $f$ 8 $(\mathrm{i})-(\ddot{\dot{\mathrm{m}}})$ . , $u_{i}(t, x)$
$\partial u/\partial T=\Delta u+g_{i}(t, X, u)$ mld solution $(i=1,2)$ .
, $\theta\in[0,1]$ , $h_{\theta}$ $h_{\theta}$ $:=(1-\theta)g_{1}+\theta \mathrm{g}_{2}$ ,
$(\mathrm{E}_{\theta})$
’
$\partial u/\partial t=\Delta u+h_{\theta}(t, x, u)$ $t>0$ , $x\in D$ ,
$u(0, x)=u_{0}(_{X})$ $x\in\overline{D}$ ,
$-\partial u/\partial\nu=0$ $t>0$ , $x\in\partial D$
. 1(P. 1) , $(\mathrm{E}_{\theta})$
. $h_{\theta}(t, x, u)$ $u$ Lipschitz
, 7 , $(\mathrm{E}_{\theta})$ 1 mild solution $\tilde{u}_{\theta}(t, x)$ . 2
, $\tilde{u}_{\theta}$ $\theta$ . $\tilde{u}_{0}=u_{1}$ , $\tilde{u}_{1}=u_{2}$ $\exists\theta\in[0,1]$ , $\tilde{u}_{\theta}$
$\in\partial O$ . $\theta$ $\tilde{u}_{\theta}$ , $\theta_{\text{ }}$ , $u$ , $u_{m}$ $\partial u/\partial t=\Delta u+$
$h_{\theta_{\text{ }}}$
$\mathrm{m}\mathrm{i}1\mathrm{d}$ solution , $h_{\theta_{m}}arrow f$ ( ) . , 2
, (E) mld solution $u$ , $\{u_{\text{ }}\}$ $u$ –
. $u_{m}\in\partial O$ , $u\in\partial O$ . $\partial$ $\partial O\ni u$ . $O$
. $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
1 $\{u(T); u\in\alpha\}$ $C(\overline{D}, R)$ .
2 $D=R^{n}$ , ($\gamma$ $C([0, T]\cross R^{n}, R)$ ,
. [3].
3. $X:=C(\overline{D}, R)$ ,
$K(X):=$ { $A;A$ $X$ }
. $u_{0}\in X$ ,
$\Phi(u_{0}):=\{u(T)$ ; $u$ (E) mild SOlutiOnI
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$\Phi$ : $Xarrow K(X)$ . 8 $f_{m}$ , $(\mathrm{E}_{m})$ $u_{\text{ }^{}0}=\mathcal{U}0$
, 1 mild solution $u_{m}(t, x)$ ,
$\varphi_{n},(u_{0}):=u_{n},(T)$ , $u_{0}\in X$ ,
$\varphi$ , $\varphi_{m}$ : $Xarrow x$ . $\{\varphi_{\text{ }}\}$ $\Phi$ .
9 $\varphi_{m}:Xarrow x$ .
2 $\varphi$ . , $u_{m}=Su_{0}+H[f_{\text{ }}, u_{fn}]$
, $u_{\text{ }}$ , 6 , $u_{m}$ ,
4, 5 $\{u_{\text{ }}(T)\}$ . $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
, $A\subset X$ $\Psi:Xarrow K(X)$ , $\Psi(A)$
$\Psi(A):=\cup\{\Psi(u); u\in A\}$ . , $\varphi$ : $Xarrow X$ ,
$\varphi+\Psi:Xarrow K(X)$
$(\varphi+\Psi)(u):=\varphi(u)+\Psi(u)=\{\varphi(u)+X$ ; $x\in\Psi(u)\mathrm{I}$ , $u\in X$ ,
.
$\Omega$ $X$ , $p\in X$ $p\not\in(1-\Phi)(\partial\Omega)$ .
, $I$ : $Xarrow X$ . , $\deg(I-\Phi, \Omega, p)$ ,
$\{\varphi_{\text{ }}\}$
(6) $\deg(I-\Phi, \Omega, p)=1\mathrm{i}\mathrm{m}marrow\infty\deg(I-\varphi_{m}, \Omega, p)$
. $\{\varphi_{\text{ }}\}$ $\{f_{m}‘\}$ , , 1
$\theta\in[0,1]$ ,
$(\mathrm{E}_{k,l,\theta})$ $(_{\partial u/\partial\nu \mathrm{o}}=$ $tt>0>0’$
,
$x\in\overline{D}x\in X\in\partial DD,$,
1 mild solution $u_{k,P,\theta}$ , ,
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$\varphi_{k,\iota,\theta}(u\mathrm{o}):=uk,$ $\ell,$$\theta(T)\backslash$ , $u_{0}\in X$ ,
, 9 $\varphi_{k,l,\theta}$ : $Xarrow X$ .
10. $n_{\text{ }}$ ,
$k,$ $l\geqq n_{0}$ , $\theta\in[0,1]\Rightarrow p\not\in(I-\varphi_{k}, \ell, \theta)(\partial\Omega)$ .
,
$\forall m\in N$, $\exists k_{m}\geqq m$ , $\exists l_{m}\geqq m$ , $\exists\theta_{\text{ }}\in[0, 1]$ ,
$\exists u_{\text{ }^{}0}\in\partial\Omega$ ,
(7) $u_{n}^{0},-\varphi_{k_{m}\ell,\theta},jnln(u^{0},n)=p$ .
$(\mathrm{E}_{k\ell,\theta},)$ , $k,$ $\mathit{1}$ . $\theta,$ $\mathcal{U}\mathrm{o}(x)$ , $k_{m},$ $l_{\text{ }},$ $\theta_{m},$ $u_{m}^{0}(x)$
mld solution $\mathcal{U}_{k,l,\theta}$ . $\Omega$ , $\{u_{\text{ }^{}0}\}$
, $\mathrm{t}u_{k_{n}\iota_{m}},,,$ $\theta$ }
$m$
. , 4,5
{ $\varphi_{k_{mm}},$$\ell,$ $\theta \text{ }(u^{0}m)\mathrm{I}=$ { $u_{k_{m}\ell\theta},$,, $(T)$ }
. Ascoli-Arzela , $\exists\xi\in X$ , $\varphi_{k_{m},\ell,\theta_{m}}(u_{m})m0arrow\xi$
. , (7) $u_{n}^{0},-\xi+p=:u_{0}$ . $u_{\text{ }^{}0}arrow u_{0}$
$(1-\theta_{m})f_{k_{m}}(u)+\theta_{m}f_{\ell_{m}}(u)arrow f(u)$ ( $R$ )
, 2 , { $u_{k_{mmm}},$$\iota,$ $\theta \mathrm{I}$ ( $\mathrm{t}_{\mathcal{U}_{k_{\text{ }}},\theta_{m}}\iota,$}$m$ )
(E) mld solution $u$ , $u_{k_{m},l_{m},\theta_{m}}arrow u$ . ,
$\varphi_{k_{\#},\ell_{m}},,$ $\theta_{m}(u_{n},)0(=u_{km}, \ell, \theta T)mmarrow u(T)$ , $u(T)\in\Phi(u_{0})$ .
$u(T)=\xi$ , $\xi=u_{0}-p$ ,
$\Phi(u_{0})\exists u(T)=\xi=u\mathrm{o}-P$
. $(I-\Phi)(u_{0})\ni P$ . $\partial\Omega$ closed $u_{0}\in$
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$\partial\Omega$ , $p$ . $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
2 , $\varphi_{k,\ell,\theta}(u_{0})$ $(\theta, u_{0})\in[0,1]\cross X$ , $\varphi_{k,\ell,0}=\varphi_{k}$ ,
$\varphi_{k,\ell,1}=\varphi t$ . , 10 , $k,$ $l$
$\deg(I-\varphi_{k}, \Omega, P)=\deg(I-\varphi_{\ell}, \Omega, p)$
, (6) .
$\Phi$ , $\{\psi_{m}\}$ ,
$\varphi_{1},$ $\psi_{1},$ $\varphi_{2},$ $\psi_{2}$ , $\cdot$ . . . . ., $\varphi_{\text{ }},$ $\psi_{\text{ }},$ $\cdots\cdots$
$\Phi$ . (6) .
4 $\deg(I-\Phi, \Omega, P)\neq 0$ , (I $-\Phi$ ) $(u_{0})\ni p$ $u_{\text{ }}\in\Omega$
.
$\{\varphi_{m}\}$ . $m$ , $\deg(I-\varphi m, \Omega, p)\neq$
$0$ , $\exists u_{\text{ }^{}0}\in\Omega$ , $u_{\text{ }^{}0}-\varphi,n(u^{0},n)=p$ . 10 $\{\varphi_{nt}(u^{0}m)\}$
. , $\xi\in X$ , $\varphi_{m}(u_{m}^{0})arrow\xi$
. , $u_{m}^{0}arrow\xi+p=:u_{0}$ . – , 2 , $\xi\in\Phi(u_{0})$
, $\xi=u_{0^{-p}}$ , $\Phi(u_{0})\ni u_{\text{ }}-p$ , , $(I-\Phi)(u_{0})\ni p$
. , $u_{0}\in\overline{\Omega}$ , $p$ , $u_{\mathit{0}}\in\Omega$ . $\mathrm{q}$ . $\mathrm{e}$ . $\mathrm{d}$ .
$\mathrm{R}\mathrm{E}\mathrm{F}\mathrm{E}\mathrm{R}\mathrm{E}\mathrm{N}\mathrm{C}\mathrm{E}\mathrm{s}$
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